We obtain the solution that corresponds to a time-like current-carrying screwed cosmic string (TCSCS) in the framework of a general scalar-tensor theory including torsion, using the weak field approximation. We show that the presence of torsion induces other properties different from that in which torsion is absent. When the spin vanishes, this torsion is φ-gradient and then it propagates outside of the string. We investigate the effects of current and torsion on the gravitational force and on the geodesics of a test-particle moving around the TCSCS. We also consider the linear pertubation methods developed by Zel'dovich in this case and investigate the accretion of cold dark matter by wakes formation when a TCSCS moves with speed v. Our results are compared with those obtained for cosmic strings in the framework of scalar-tensor theories without taking torsion into account.
Introduction
Topological defects may have been formed during the expansion of the Universe due to spontaneous symmetry breaking [1] . Among these defects, cosmic strings seem to be of particular interest [2] due to its very intriguing properties compared with those associated with a nonrelativistic linear distribution of matter.
A cosmic string [3] is a topological defect that may has been formed during phase transitions in the realm of the early universe [1] . Its gravitational field, in the context of general relativity is quite remarkable: a particle placed at rest around a straight, infinite, static cosmic string will not be attracted to it. The richness of new ideas this defect brought to general relativity seems to justify the interest in the study of this structure, and specifically the role played by it in the framework of cosmology due to the fact that it carries a large energy density and for this reason it could be a potential source for primordial density perturbations [4] .
The assumption that gravity may be intermediated by a scalar field (or, more generally, by many scalar fields) in addition to the usual symmetric rank-2 tensor of Einstein's general relativity has considerably revived in recent years [5] . It has been argued that gravity may be described by a scalar-tensor gravitational field, at least at sufficiently high energy scales [6] - [8] .
From the theoretical point of view, scalar-tensor theories of gravity, in which the gravitational interaction is mediated by one or several long-range scalar fields in addition to the usual tensor field present in Einstein's theory, are the most natural alternatives to general relativity. In these theories the gravitational interaction is mediated by a (spin-2) graviton and by a (spin-0) scalar field [9, 10] . If gravity is essentially a scalar-tensor theory, there will be direct implications for cosmology and experimental tests of the gravitational interaction [5, 11, 12] . Thus, it seems natural to investigate a general theory of gravity which involves scalar-tensor fields, especially those aspects connected with the gravitational fields generated by topological defects such as cosmic strings and their gravitational and cosmological consequences. In this context, some authors have studied solutions for cosmic strings and domain walls in Brans-Dicke [13] , in dilaton theory [14] and in situations with more general scalar-tensor couplings [15, 16] .
On the other hand, torsion fields were analyzed in the geometry of a cosmic string whose presence could have been influenced the formation and evolution of structures in the Universe [17] . Other effect of torsion corresponds to the contribution to neutrino oscillations [18] . Because of the role played by the torsion several authors have already discussed that torsion may have been an important element in the early universe, when the quantum effects of gravity were drastically important [19, 20] . Also the torsion is important from the phenomenological point of view and it may be relevant in cosmology. This importance is associated with the modifications of kinematic quantities, like shear, vorticity, acceleration, expansion and their evolution equations due to the presence of torsion [7] , [21] - [24] .
Following our previous considerations concerning the solution of the superconducting cosmic string in the context of scalar-tensor theories of gravity, taking into account the torsion [25, 26] , we will determine the gravitational field produced by a time-like current-carrying screwed cosmic string in the framework of general scalar-tensor theories, with torsion in the weak-field approximation. We will also investigate the effect of torsion and of the time-like current on the gravitational force and on the geodesics of a test particle moving around the TCSCS.
An interesting subject to consider in the context of a time-like current-carrying screwed cosmic string are the anisotropies of the Cosmic Microwave Background Radiation (CMBR). These anisotropies are analysed in numerical simulations of high-resolution demonstrating the existence of scale densities and revealing the presence of significant small-scale structure on strings or "wiggliness" [27] - [30] . This substructure has important dynamical consequences and also causes loop formation on scales much smaller than the horizon. These results suggest that long strings are more important than loops in seeding density perturbations [31, 32] . Recently Pogosian and Vachaspati [33, 34] considered that the string network presents wiggles. These considerations for the same choice of simulation parameters, showed that wiggles cosmic strings accompanying strings with low velocities, present a significant peak in the microwave background and an enhancement in the matter power spectrum. The scale of the wiggles is much smaller than the characteristic length of the string. In fact in their explanation they admit that a distant observer will not be able to resolve the details of the wiggly structure. For this we will consider that there is no way to distinguish the wiggle cosmic string of those generated in the presence of torsion. For this reason it is important to investigate with details this framework with torsion and its possible effects.
The interesting effect which can be studied is the accretion of the cold dark matter by wakes when the cosmic string is moving in a space-time with torsion in the context of a scalar-tensor theory. This effect was studied taking into account the string power spectrum obtained in simulations, projecting this forward to the present day using linear theory of transfer functions for both cold and hot dark matter. This was an invaluable first step, but further developments are necessary because strings create nonlinear objects at early times and power spectrum provides an incomplet description of non-Gaussian perturbations. Our work assumes the same idea, but using torsion as an essencial element. In the study of wiggles, the framework considered frequently is the one proposed by Zel'dovich [35] , which we will assume as the correct mechanism when torsion is present, because it considers nonlinear effects. We will determine the timedependent metric in linearized gravity for arbitrary evolving string configurations. Using the resulting gravitational and torsional forces sources in the Zel'dovich approximation, the induced perturbations grows in a cold dark matter universe. In doing so, we postulate that the small-scale structures existing in wiggles strings can be approximately scaled to the geometrical deformation that torsion produces [25] . In this work we study the implication for this scenario when we have a TCSCS. Our purposes are to obtain the gravitational field surrounding the source under consideration and study its consequences, in particular how the cosmological effects of long strings are affected by torsion and scalar fields as compared with the corresponding results in general relativity. The important effects that can be studied are the accretion of the cold dark matter by wakes when TCSCS is moving. Then we will analyse the formation and evolution of wakes in this space-time and we will show how torsion affects wakes formation. In connection with the explanation about CMBR, we will also analyse perturbations in this background. This problem is most conveniently studied using the linear perturbation methods developed by Zel'dovich [35] . In this approach we consider the universe in the matter-dominated era t > t eq with scale factor a(t) ∼ t 2/3 , and average density given by ρ av = 1/6πGt 2 . This paper is organized as follows: In Section II we present a short description of scalar-tensor theories with torsion fields. In Section III we obtain the solution that corresponds to a screwed cosmic string carrying a time-like current(TCSCS). In Section IV, we study the scattering by a TCSCS, and in Section V, the Zel'dovich approximation in a theory with torsion is introduced.
In Section VI, we study the accretion of cold dark matter by wakes. Finally, in Section VII we provide some closing remarks.
Scalar-tensor theory with torsion
The scalar-tensor theory of gravity with torsion is an extension of Einstein's general relativity to which a scalar field is coupled minimally to the gravitational field and a dynamical torsion term is considered additionally. The action describing this coupling, here presented in the Jordan-Fierz frame, takes the form [8, 10] 
where I m (g µν , Ψ m ) is the action of the matter, which in the general case takes into account all fields. The function ω in a general scalar-tensor theory has aφ dependence, but in the specific case of the Brans-Dicke theory it is a constant. In this case the scalar curvatureR, appearing in Eq.(2.1) in the Jordan-Fierz frame, can be written as [8, 10 ]
whereR({}) is the Riemann scalar curvature in the Jordan-Fierz frame and ǫ is the torsion coupling constant [10] . It is worth stressing that in the scalar curvatureR the scalar functionφ (the dilaton field) can act as a source of the torsion field. Therefore, in the absence of string spin, the torsion field may be generated by the gradient of this scalar field [8] . In this case the torsion can be propagated with the scalar field, and can be written as
The most general affine connection Γ α λν in this theory receives a contribution from the contortion tensor K α λν throughout the definition 4) where the quantity { α λν } is the Christoffel symbol computed from the metric tensor g µν , while the contortion tensor K α λν can be written in terms of the torsion field as
Although the action proposed in Eq.(2.1) shows explicitly this scalar-tensor gravity feature, for technical reasons, we will adopt the Einstein (conformal) frame in which the kinematic terms of the scalar and tensor fields do not mix. In this frame the action is given as
where g µν is a pure rank-2 tensor in the Einstein frame, and R is the curvature scalar given by
It is interesting to call attention to the fact that the action in Eq.(2.6) is obtained from Eq.(2.1) by a conformal transformation of the kind 8) and by a redefinition of the quantity
. This transformation makes it evident that any gravitational phenomenon will be affected by the variation of the gravitational constant G in the scalar-tensor gravity, a feature that is exhibited through the definition of a new parameter
which can be interpreted as the field-dependent coupling strength between matter and the scalar field. In order make our calculations as general as possible, we will not fix the factors Λ(φ) and α(φ), leaving them as arbitrary functions of the scalar field. Now, let us consider the conformal frame and the appropriate modifications of the Einstein equations. A straightforward calculation shows that they turn into
where κ(φ) is defined as
which has two contributions: one coming from the scalar-tensor term and the other from the torsion. We note that the last equation brings a new information and shows that the matter distribution behaves as a source for φ and g µν as well. The energy-momentum tensor is defined as usual 12) but in the conformal frame it is no longer conserved
It is clear from transformation (2.8) that we can relate quantities from both frames in such a way thatT µν = Λ −6 (φ)T µν andT µ ν = Λ −4 (φ)T µ ν . In the scalar-tensor theory, the Einstein equations are modified by the presence of the field φ and are obtained by applying the variational principle to Eq.(2.6). Thus, the equation describing the field φ reads
where
Equation ( 2.13) brings some new information because it does not appear in general relativity. It also shows up that a matter distribution in space as a source for φ, and, as usual, for g µν as well. Up to now we have dealt with the purely gravitational sector. In the next Section, we will introduce the action for the matter that describes a cosmic string.
3
Time-like current-carrying screwed cosmic string in scalartensor theories
In order to describe a time-like current-carrying screwed cosmic string in scalar-tensor theories, we require the matter action to carry a pair of complex scalar and gauge fields, in an Abelian Higgs model whose action is given by
The reason why the gauge fields do not minimally couple to torsion is well discussed in Refs. [6, 10] . The field strengths are defined as usual as
with A µ and C ν being the gauge fields and V a function of |Φ|, and |Σ|, that is, V (|Φ|, |Σ|). The action given by Eq.(3.15) has a U (1)×U (1) ′ symmetry, where the U (1) group associated with the Φ-field is broken by the vacuum and gives rise to vortices of the Nielsen-Olesen type [36] 16) in which (t, r, θ, z) are usual cylindrical coordinates. The boundary conditions for the fields ϕ(r) and P (r) are the same as those of ordinary cosmic strings [36] , namely
The other U (1) ′ -symmetry, that we associate with electromagnetism, acts on the Σ-field. This symmetry is not broken by the vacuum. It is only broken in the interior of the defect. The Σ-field in the string core, where it acquires an expectation value, is responsible for the current being carried by the gauge field A µ . The only nonvanishing components of the gauge fields are A z (r) and A t (r), and the current-carrier phase may be expressed as ζ(z, t) = ω 1 t − ω 2 z. The Σ parametrization is givem by
Their configurations for a time-like current (electric case) are defined as
because of the rotational symmetry of the string itself. The fields responsible for the cosmic string superconductivity have the following boundary conditions
and
The potential V (ϕ, σ) triggering the spontaneous symmetry breaking can be built in the most general case as
where λ ϕ , λ σ , f ϕσ and m σ are coupling constants. Constructed in this way, this potential also possesses all the ingredients to drive the formation of a time-like current-carrying cosmic string, as in analogy with the ordinary cosmic string case. Now, let us consider a cosmic string in a cylindrical coordinate system, (t, r, θ, z), (r ≥ 0 and 0 ≤ θ < 2π) with the metric for the electric case, defined in the Einstein frame as
where γ, ψ and β depend only on r. We can find the relations between the parameters of the metric through Einstein equations as given by Eq (2.10). Then, in the space-time with the metric defined in Eq. (3.23), these equations are
and the φ -equation given by (2.13) is
25)
The non-vanishing components of the energy-momentum tensor in the time-like case, are given by
Note that in the present case of a time-like current, the T r r and T θ θ components have different sign in the electromagnetic part as compared to the space-like case [25] . In this situation, because only the temporal component of the electromagnetic field is different from zero, the electrical charge in the core of the string does not vanish. In next sections we will investigate the consequences of this fact, in the framework of the weak field approximation. In this work we will consider high orders in κ(φ), in order to analyse the torsion contribution in high energy era when cosmic strings were formed. Now, we solve the previous set of equations given by (3.24) , in the region outside the TCSCS, that is, for r 0 ≤ r ≤ ∞, where r 0 is the radius of the string. In this region, the contribution to the energy-momentum tensor of the string reads
If we consider the asymptotic conditions, Eq.(3.17), Eq.(3.20) and Eq(3.19), we see that only the field A µ is different from zero. The external solutions of the Eq.(3.24) have the same form of the scalar tensor theory [16] , but the φ-solution is different and comes from the equation
The vacuum solution are found from symmetries. Hence the solutions for β(r) and γ(r) are given by
Let us make an estimation of the order of magnitude of the correction induced by κ −1 λ. It is very illustrative to consider a particular form for the arbitrary function Λ(φ), corresponding to the Brans-Dicke theory, Λ = e αφ , with α 2 = 1 2ω+3 , (ω=cte). Thus, for this case,
2 ) (ω +
)
∼ λ. Therefore, the external solution in the Brans-Dicke theory in this limit is the same as in the case of the superconducting cosmic string in scalar-tensor theory [16] .
Then, we can assume that the metric function ψ(r) has the same form obtained [16] in the case without torsion, which can be written as 34) where now the parameter n is such that [25] the following relation holds:
This result is different from the one obtained in the framework of pure scalar-tensor theories of gravity [16] due to the presence of the factor κ −1 .
Therefore, the external metric for the TCSCS, takes, thus, the form
Now, let us find the solutions for a TCSCS by considering the weak field approximation (for a review of the procedure see Ref. [16] ). To do this let us assume that the metric g µν and the scalar field φ can be written, in the weak field approximation, as
where Λ ′ (φ 0 ) = Λ(φ 0 )α(φ 0 ), η µν = diag(−, +, +, +) is the Minskowski metric tensor and φ 0 is a constant.
The energy per unit length U and the tension per unit length τ , are given, respectively, by The remaining components read as
(3.39)
In the approximation we are considering, the energy conservation reduces simply to
where T µ (0) µ represents the trace of the energy-momentum tensor without torsion. In order to find the metric, we use the Einstein-Cartan equations in the form G µν ({}) = 8πG 0 T µν
, in which the tensor T (0) µν (being first order in G) does not contain the torsion contribution due to the fact that we are working in the weak-field approximation andG 0 ≡ G Λ 2 (φ 0 ).
Integrating Eq.(3.40), we get
That can be related with the charge by use of the equation of motion, giving us 42) where Q is the charge density in the core of the string. Let us assume that the string is infinitely thin so that its energy-momentum tensor is given by
The energy-momentum tensor of the string source T (0)µν (Cartesian coordinates) possesses no curvature. In this case we have the following components of the energy-momentum tensor
Now, let us find the matching conditions connecting the internal and external solution. For this purpose, we shall use the linearized Einstein-Cartan equation in the form
The internal solution of Eq.(3.45) with time-independent source yields
It is worth calling attention to the fact that torsion does not appear explicitly in the components of the metric which is a consequence of linearized approximation in the φ-field. In order to use this solution in the matching conditions with the external metric, let us transform it back into cylindrical coordinates.
In the case of a space-time with torsion, we can find the matching conditions using the fact
, and the metricity constraint [
= 0. Thus, we find the following continuity conditions
where (−) represents the internal region and (+) corresponds to the external region around r = r 0 . In analyzing the junction conditions we notice that the contortion contributions appear neither in the internal nor in the external regions, differently from the results obtained in Refs. [38, 39] . In order to compare the external solutions we demand a linearisation of these ones since they are exact solutions. Then, we make a change of variable r → ρ, [40] , such that
and, in this way, we have that at first order inG 0 , the equation of the motion for the field φ reduces to
where the trace is given by T (0) = −(U + τ + Q 2 )δ(x)δ(y) . Then, the solution of Eq.(3.49) is given by
Doing the identification of the coefficients of both linearized metrics, we finally obtain
Using the same procedure to obtain the superconducting cosmic string solution in the framework of the scalar-tensor theories [16] , we find the metric in the Einstein frame as
The deficit angle associated with the space-time given by metric (3.51) in Jordan-Fierz frame is
which can be written in the linearized solution as
Note that this result corresponds to the same one obtained in the time-like case of pure scalar-tensor theories [41] and therefore, in this order of approximation there is no contribution arising from torsion. In fact, the contribution due to torsion to the metric in the Jordan-Fierz frame appears in the dilaton solution given by Eq.(3.50), but it is not preserved linearized expression given by(3.53), for the deficit angle. The reason for this absence of torsion in the deficit angle is that the contribution arising from torsion comes out only in second order inG 0 and therefore it does not appear in the linearized solution we have considered. Otherwise, some new physical effects appear associated with torsion as we shall see in the next section.
Particle deflection near a TCSCS
In this section we study the geodesic equation in the space-time under consideration. To do this, we have to work with the metric given by Eq.(3.51) in the Jordan-Fierz frame. The component h tt is
We shall consider the effect of the torsion on a particle moving around the defect, assuming that the particle has no charge. Let us consider a particle with speed |v| ≤ 1, in which case the geodesic equation becomes
where i is the spatial coordinate index and the connection can be written as in Eq.(2.4), with the relevant term given by
with i tt being the Christoffel symbols, suposing that the field is static (i.e. ∂ t g µν = 0). In the present case, considering the linearized approximation they are given by
with
, is the contortion which is symmetric in the first two indices. Using eq. (2.4) ,the symmetric part of the contortion is
Now,let us use the relation
the linearized result for the components of the contortion
Considering the φ-field in weak approximation, φ = φ 0 + φ (1) , and using Eq.(3.50) we find that the only non-vanishing part of the contortion is
The gravitational acceleration around the string gets the form
Therefore, the torsion contribution to the force is
We also note that the gravitational pull is related to the h tt component that has explicit dependence on the torsion, as shown in Eq.(4.1). From the last equation, the force that the TCSCS exerts on a test particle can be explicitly written as
Let us consider the deflection of particles moving past the string. Assuming for simplicity that the direction of propagation is perpendicular to the string, we can write the metric in terms of Minkowskian coordinates in the form
We concluded that in a space-time with torsion there is a change in the geodesics due to the presence of the symmetric part of the contortion (4.2). To study the formation of a wake behind a moving TCSCS, we will first consider the rest frame of the string with a velocity v in the x direction. In this situation, all components of geodesic equations are
whose linearized forms are given by
where h tt is given by (4.1) and the overdot denotes derivative with respect to t. We can analyze Eqs.(4.11) and (4.12) in which concern the contribution coming from the last term. We only need to consider terms of first order inG 0 , in which case (4.12) can be integrated over the unperturbed trajectory x = vt, y = y 0 . Then, we can transform to the frame in which the string has a velocity v. Therefore, particles enter the wake with a transverse velocity
The first term is the usual velocity impulse of the particles due to the deficit angle. The second term contains the torsion and electromagnetic contributions. A quick glance at the last equation allow us to understand the essential role played by torsion in the context of the present formalism. If torsion is present, even in the case in which the string has no current, an attractive gravitational force appears. In the context of the TCSCS, torsion acts such to enhance the force that a test particle feels outside the string. This peculiar fact may have astrophysical and as well as cosmological implications, as for example, influencing the process of formation of structures.
Zel'dovich approximation in torsion space-time
In this section we study the linear perturbation method developed by Zel'dovich [35] and apply it to the case where the space time has torsion. We will be assumed that dark matter particles interact very weakly, so that all forces on the particles different from the gravitational one can be ignored. In the case of the ordinary cosmic strings this approach has been tested against exact solution and N-body simulations with satisfactory results [42] . An important advantage of the Zel'dovich approach is the fact that it can be used in the case where the evolution is strongly nonlinear. In this work we consider a linear evolution. We also analyse the perturbation in the dark matter background when the cosmic string is formed considering an unperturbed universe. We also investigate the accretion of cold dark matter by straight strings in a universe in the matter dominated era t > t eq , with scale factor a(t) ∼ t 2/3 , and average density given by
Let us write the trajectories of a cold dark matter particle as
where x is the unperturbed comoving position of a particle and ψ is the comoving displacement measured from the position of the particle. Now, we analyse the equation of motion for this particle in presece of torsion. Using the geodesic equation (4.2) to describe the trajectory of the cold dark matter particle, which is
with affine connection given by (4.3), we find a Newton's like equation in Cartesian coordinates in the background corresponding to the metric (4.9), which reads as
where the gravitational potential Λ is given by
with Λ CDM being the gravitational potential given by cold dark matter. In this work we will consider that the presence of the cold dark matter does not affect the cosmic string configuration, but on the other hand, the cosmic string perturbes the dark matter trajectories. In this case, the cosmic string gravitational potential Λ T CSCS can be written as a function of the linearized cosmic string metric given by eq.(4.1) as
Then, the trajectories of the cold dark matter particles are perturbed by the TCSCS spacetime.
Let us, now, analyse the cold dark matter density ρ. We know from eq.(2.9) that EinsteinCartan equations in our model are given by
where κ is φ-function defined by eq.(2.11).
The tt-component carry influence of torsion that was imprint in dilaton solution and is given by
The gravitational potential Λ(x, t) satisfies the Poisson equation 9) where R tt = ∇ 2 r Λ and ρ tcscs is the perturbation due to the string. Mass conservation implies that ρ av a 3 d 3 x = ρ(r, t)d 3 r, or
Using (5.2) and (5.3), thus we obtain 11) and then, in the approximation we are cosidering, we get ρ( r, t) = ρ av (t)(1 − ∇ x .Ψ( x, t)).
(5.12)
Thus, the equation for the gravitational potential (5.9) can be written as
where we have used condition (5.6). Doing the first integration, we get
where h tt is given by (4.1). From Eq.(5.2) for the trajectories of cold dark matter particle, we can obtain the relations
Now, consider the fact that a ∼ t 2/3 .Thus, we havë
In order to solve eq.(5.16), let us consider the idealized situation in which the cosmic string is formed in the time t i > t eq , in an initially unpertubed universe. The perturbation caused by cosmic string in the time t > t i can be found by solving Eq.(5.16) with the following initial conditions Ψ( x, t i ) =Ψ( x, t i ) = 0.
(5.17)
The solution with these initial conditions is Ψ( x, t) = 3v t 1 − 2 5
with v t given by (4.13) . This result shows the influence of the parameters which defines the TCSCS space-time. It represents the time-dependent accretion of the cold dark matter by a TCSCS. As we saw in the last section the transversal velocity of the accretion by wake, v t depends on the gravitational effects arising from torsion. We can identify the torsion through the presence of the parameter κ(φ). Using eq.(2.11) we conclude that this contribution is given by
, and therefore it enhances the atraction between the cold dark matter particles in the wake and introduces new parameters that can be ajusted by simulation in order to describe the observational spectrum corresponding to the experiments. This contribution comes in the metric coefficient,h tt , given by (4.1) and in the contortion part (4.5). The first term is the same of the pure dilaton theory [15, 41] which is amplified by contortion [25] . The factor ǫ, in the second term, contained the torsion signature, and in this work it is an arbitrary parameter. Nowdays, we consider this parameter as very small, but in cosmic string scale formation or a in high energy scales [43] , torsion effects probably give us an interesting contribution. In the case were ǫ can be neglected the effect of torsion is to amplify the dilaton part. Then, torsion effects are important and if analysed when the t ∼ t i , may be relevant and thus, cannot be neglected. As we are working in the linearized approximation, the results obtained give us an idea about torsion contribution, whose value will be, possibly, very far from reality. Using the resulting gravitational and torsional effects which come from the current-carrying terms as a source term in the Zel'dovich approximation, the induced perturbations will grow in a cold dark matter universe. The time-dependent solution has the same form of the ordinary cosmic string but the accretion velocity has a interesting dependence on the dilaton solution that contain the current-carrying and torsion terms.
Wake evolution in a background with torsion
In this section we study the formation of sheet-like wakes when a TCSCS moves fastly. In the previous section we investigated the effect of cosmic string formation in the cold dark matter universe, considering an unperturbed universe. Let us now make a quantitative description of accretion onto wakes using the Zel'dovich approximation developed in last section, but now considering that torsion is present. We will assume that in the linearized solution the torsion has some contribution. To do this, we have to solve the following differential equation
where u p is the linearized contribution of the dilaton-torsion in the background under consideration and is given by
in the case of a linearized solution in terms of torsion in the matter-dominated era with the wake formed at t i ∼ t eq . The most important new feature of this section is to consider the wake in a background with torsion. We already have analysed the case when the t >> t i which corresponds to the present epoch, where the solution can be compared with the last expression that corresponds to the perturbation introduced by cosmic string formation. In wake evolution case the contribution of the background to the wake vanishes and the dilaton-torsion contribution only appears in the transversal velocity of the accretion v t . That, in the case where the torsion parameter ǫ is small, this contribution can be neglected as compared with the electromagnetic effects and the only effect of the torsion analysed is the amplification of the dilaton interactions. But if we analyse the result when t ∼ t i , we conclude that the terms which contains contributions arising from torsion can to be relevant and the ǫ parameter can be ajusted in order to corresponds to the early era. In this scenario, torsion could dominate the accretion of matter. Other interesting analyse can to be done when the electromagnetic current vanishes, in which case the contibution is due only to dilaton-torsion effects, Ψ(x, t) =
. and in high energy scale, the effects can be measurable [43] .
Conclusion
We have obtained the solution that corresponds to a time-like current-carrying screwed cosmic string (TCSCS). Screwed cosmic strings are stable topological defects and has been obtained in the framework of a general scalar-tensor theory including torsion. In the model used when the spin vanish, the torsion is a φ-gradient and it propagates outside of the string. In fact, the torsion is small but gives s non-negligible contribution to the geodesic equations obtained from the contortion term and from the scalars fields. The motivation to consider this scenario comes from the fact that scalar-tensor gravitational fields are important for a consistent description of gravity, at least at sufficiently high energy scales. On the other hand, torsion can induces some physical effects and could be important at some energy scale, as for example, in the low-energy limit of a string theory. The analyse of the metric and contortion help us to understand the consequences which arises from gravitational and torsional interaction of the TCSCS at a cosmological level. One important consequence is related with the gravitational field surrounding a TCSCS and which is divergent for the state parameter approaching the mass of the current carrier, and thus the gravitational effects seem unbounded. However, it is important to call attention to the fact that this divergence is strongly connected with another divergence, namely, that associated with the string tension: as U increases, the tension decreases to zero, and eventually becomes negative so that the corresponding state is absolutely unstable against the transverse perturbations and should go into a stable state. Therefore, the gravitational effects of such strings are indeed limited even at classical level.
In the space-time generated by a TCSCS, massless particles (such as photons) will be deflected by an angle ∆θ = 4πG (0) (U +τ −2Q 2 ). From the observational point of view, it would be impossible to distinguish a screwed string from its general relativity partner, just by considering effects based on deflection of light, as for instance, double image effect. On the other hand, trajectories of massive particles will be affected by torsion coupling, which is generated by a space-time with torsion. [40, 44] .
We show that wakes produced by the string in one Hubble time can have important effects due to the torsion. If the string is moving with normal velocity, v, through matter, a transversal velocity appears. It is worth calling attention to the fact that there exists, in this case, a new contribution to the transversal velocity given by v t = 4πG 0 κ −1 α 2 (φ 0 )(U +τ +Q 2 ) vγ which is associated with aspects of the scalar-tensor theories which includes torsion.
We showed that the propagation of photons is unaffected by a TCSCS and it is only affected by the angular deficit. This result shows us that the effect of torsion on massive particles is qualitatively different from its effect on radiation; this aspect becomes especially relevant when calculating CMBR-anisotropy and the power spectrum as wiggly cosmic strings. The investigations concerning the formation and evolution of wakes in the space-time of TCSCS shows there is an effect arising from the torsion on the process of wakes formation. Using the Zel'dovich approximation we analysed the linear perturbations in this space-time. The accretion of cold dark matter in the isolated strength cosmic string is studied and the effect of torsion was showed up. Assuming the validity of the linear pertubation methods developed by Zel'dovich in the case where the space-time has torsion and that dark matter particles interacts very weakly, in such a way that all forces different from the gravitational one can be ignored, the accretion of matter by wakes formation when a TCSCS moves with speed v was also investigated.
Then it is possible that torsion have had a physically relevant role during the early stages of the Universe's evolution. Along these lines, torsion fields may be potentially sources of dynamical stresses which, when coupled to other fundamental fields (i.e., the gravitational and scalar fields), might have performed an important action during the phase transitions leading to formation of topological defects such as the TCSCS we have considered. Therefore, it seems an important issue to investigate basic models and scenarios involving cosmic defects within the context of scalar-tensor theories with torsion and one of the reasons for this is the fact that torsion would be relevant in t ∼ t i , that is, in the early stages of our Universe.
